Purified human lung mast cells released histamine, leukotrienes, prostaglandin (PG) D2, thromboxane B2 (TxB2), and PGF2 alpha in response to anti-IgE stimulation. Incubation of the cells for 24 h with 10(-6) M dexamethasone, a treatment that inhibits mediator release from human basophils, had no effect on the release of these mediators from mast cells. Dexamethasone treatment of human lung fragments led to little or no inhibition of anti-IgEinduced release of the mast cell-derived mediator, histamine, but produced a significant inhibition of the release of PGE2, PGF2 alpha, and 6-keto-PGF1 alpha. As was the case with purified mast cells, the steroid did not inhibit the release of PGD2 or TxB2 from human lung fragments. Comparison of the quantities of PGD2 and TxB2 produced by purified cells and human lung fragments reveals that the mast cells produce quantities of these metabolites sufficient to account for the entire amount produced by challenged lung fragments. Dexamethasone inhibited spontaneous release from lung fragments of all cyclooxygenase products measured. These results suggest that the human lung parenchymal mast cell phospholipase is not inhibited by dexamethasone, whereas other phospholipase(s) in the lung are inhibited by the steroid. These results may be useful in explaining the resistance of acute allergic reactions, including anaphylaxis, to steroids, despite the potent antiinflammatory activity of steroids on subacute and chronic inflammation, such […] A B S T R A C T Purified human lung mast cells released histamine, leukotrienes, prostaglandin (PG) D2, thromboxane B2 (TxB2), and PGF2a in response to antiIgE stimulation. Incubation of the cells for 24 h with 10-6 M dexamethasone, a treatment that inhibits mediator release from human basophils, had no effect on the release of these mediators from mast cells. Dexamethasone treatment of human lung fragments led to little or no inhibition of anti-IgE-induced release of the mast cell-derived mediator, histamine, but produced a significant inhibition of the release of PGE2, PGF2a, and 6-keto-PGFia. As was the case with purified mast cells, the steroid did not inhibit the release of PGD2 or TxB2 from human lung fragments. Comparison of the quantities of PGD2 and TxB2 produced by purified cells and human lung fragments reveals that the mast cells produce quantities of these metabolites sufficient to account for the entire amount produced by challenged lung fragments. Dexamethasone inhibited spontaneous release from lung fragments of all cyclooxygenase products measured. These results suggest that the human lung parenchymal mast cell phospholipase is not inhibited by dexamethasone, whereas other phospholipase(s) in the lung are inhibited by the steroid. These results may be useful in explaining the resistance of acute allergic reactions, including anaphylaxis, to steroids, despite the potent Dr.
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INTRODUCTION
The glucocorticosteroids are among the most effective therapeutic agents available for a variety of acute and chronic inflammatory diseases, including those with an immunological etiology. Although these steroids are effective in the treatment of some chronic immunoglobulin (IgE)-dependent allergic diseases such as allergic asthma and allergic rhinitis, acute IgE-dependent reactions, such as the skin test response, systemic anaphylaxis, and antigen-induced bronchospasm appear to be resistant to steroid treatment (1, 2) . We have recently demonstrated that IgE-mediated histamine release from human basophils is inhibited by exposure to low concentrations of glucocorticoid for 24 h (3). This action of steroids, which has also been observed in mouse and rat mast cells (4, 5) , is not due to a steroid-induced shedding of cell surface IgE Fc receptors and also appears not to be due to an inhibition of phospholipase A2 by the steroids (3, 6) .
The present study was undertaken for two reasons: to determine the spectrum of arachidonic acid metabolites released from human lung mast cells, and to evaluate the effect of the potent glucocorticoid, dexamethasone, on CA) fitted with an elutriation apparatus. Elutriation fractions having the highest purity mast cells were pooled, passively sensitized with a purified human anti-benzyl penicilloyl (BPO) IgE antibody, and subjected to affinity chromatography using a BPO affinity column as described (7, 8) . Mast cells of high purity (in these studies, "90%) were eluted with the monovalent hapten BPO-formyllysine, washed, and then suspended in medium. Mast cells were enumerated using the alcian blue staining technique (9 Table I , the purity before culture was 81±4% (n = 5) and purity following culture was 91±2.7% (SEM) for the controls and 92±2% for the dexamethasone-treated cells. Recovery of mast cells following culture was always >80% and usually almost 100%.
Anti-IgE challenge of lung fragments and purified mast cells
After culture of lung fragments in medium containing 10-6 M dexamethasone, or ethanol control (0.005%), the fragments were transferred to test tubes, washed in Tyrode's buffer containing the same concentrations of dexamethasone and/or ethanol, resuspended in 3 ml of Tyrode's buffer (five fragments per test tube), and challenged with either buffer or anti-IgE (at concentrations ranging from 0.3 to 3 Ag/ml) for 30 min at 37°C. Anti-IgE was a generous gift of Dr. K. Ishizaka (Johns Hopkins Medical School). After challenge, the supernatants were harvested for assay of mediators, and the tissue was boiled in 3 ml of 2% HCLO4 for 10 min to determine residual tissue histamine content. Purified mast cells were washed after culture in Pipes-buffered saline (Pipes, 7.6 g/liter; NaCl, 6.4 g/liter; KCI, 0.37 g/liter; 10 N NaOH, 4.2 ml/liter; human serum albumin, 30 mg/liter) and resuspended in Pipes-buffered saline containing calcium and magnesium (both at 1 mM). Control and dexamethasonetreated cells were counted, and each were divided into two tubes; one for challenge with normal goat serum, the other for challenge with an optimal concentration of goat anti-IgE (usually 1 or 3 Ag AbN/ml). Each tube contained from 3 to 6 X 105 mast cells. When the total number of mast cells was sufficient, more tubes were added for challenge with several concentrations of anti-IgE or control serum. The total volume of the challenge mixture was 500 Al. After this challenge period (45 min at 37°C), four IO-Al aliquots were removed from each challenge tube to determine total histamine content, and control and anti-IgE mediated histamine release. For total histamine content, cells were lysed in 1 ml of Pipesbuffered saline containing 2% HCl04. After samples for histamine release were taken, the remaining mast cell suspension was centrifuged and the supernatants were harvested and stored frozen for later assay of prostaglandin and leukotriene content.
Determination of mediators
Histamine. Histamine released from challenged lung fragments and purified mast cells was expressed as a percentage of the total histamine content, after subtraction of control ("spontaneous") release (2-5%) from both values. Histamine contents in all supernatants were determined with an automated fluorometric technique (10).
Prostaglandins. Quantities of PGD2, 6-keto-PGF,a,, PGE2, PGF2a, and TxB2 were measured by radioimmunoassay (RIA) (11) . All antibodies were highly specific and displayed <4% cross-reactivity to heterologous ligands as previously detailed (11) .
Leukotrienes. Release of leukotrienes by anti-IgE-challenged purified human lung mast cells was quantified in all experiments using the guinea pig ileum bioassay, and confirmed in one experiment with a newly developed RIA (12) and by high performance liquid chromatography (Peters et al., unpublished observations). Ileal strips were suspended in organ baths containing Tyrode's solution equilibrated with 95% 02/5% C02, containing atropine (5 X 10' M) and diphenhydramine (10-6 M). Identification of leukotriene was Dexamethasone and Mediator Releaseconfirmed using the specific antagonist, FPL-55712. A complete description of the validation of the assay is provided elsewhere (13) . Results were expressed in LTD4 equivalents compared with authentic LTD4 (a gift of Dr. Joshua Rokach, Merck-Frosst). No leukotriene activity was detected in control supernatants from cells challenged with normal goat serum.
Statistics. Statistical analysis of the data was performed using a Student's paired t test.
RESULTS
Mast cells purified from five different lung specimens were cultured for 24 h in the presence or absence of 10-6 M dexamethasone. Following culture, the purities ranged from 85 to 97% mast cells. The cells were challenged with anti-IgE at an optimal concentration (1 or 3 ,ug/ml; predetermined using cells of lower purity) and the mediators listed in Table I were measured. The major arachidonic acid metabolites released from anti-IgE challenged purified mast cells were PGD2 and leukotriene, in roughly equimolar amounts (13, 14) . Cells challenged with normal goat serum at an equivalent concentration (-1:3,000 or 1:1,000 for 1 or 3 ,ug/ml, respectively) produced <1 ng/106 cells of each of the prostaglandins and undetectable amounts of leukotriene (<0.8 X 10'" LTD mol-equivalent/106 mast cells). The purified mast cells also released TxB2 and PGF2a, following anti-IgE challenge: Challenged cells released 5-15 times more of these metabolites than controls. This was true in all experiments, including the two experiments in which mast cell purity was 97%, suggesting that these metabolites may be mast cell derived. This result is probably not due to specificity of the antibodies since cross-reactivity of the anti-TxB2 or anti-PGF2a for PGD2 does not exceed 1%. Prostacyclin (PGI2) metabolite (6-keto-PGFsa) and PGE2 were in most cases not detected in supernatants of either control or stimulated cells. Histamine release (36% in controls) was similar to that seen in fresh human lung fragments or lung cell suspensions (15) .
Incubation for 24 h with 106 M dexamethasone had no consistent inhibitory effect on the release of arachidonic acid metabolites (PGD2, TxB2, PGF2a, and leukotrienes) from the purified cells. This was true whether the drug was present during both the culture and challenge incubations, or only during the culture incubation. Unlike observations with the human basophil (3), and murine mast cells (4, 5) , 106 M dexamethasone did not inhibit the release of histamine from the purified human lung mast cells (Table I) . Using mast cells of 44% purity, incubation with 10-6 M dexamethasone for 48 h did not significantly inhibit histamine release (30 vs. 33% in control). Furthermore, it was noted that when the cells were cultured for 24 h in 10% human serum, but not fetal calf serum, dexamethasone produced a significant enhancement of 78±25% (n = 3; P < 0.05) of subsequent histamine release (data not shown).
To compare the profile of AACM produced by purified human lung mast cells with that produced by anti-IgE-challenged human lung fragments, and to establish that the lack of effect of dexamethasone was not the result of damage to mast cells during the purification procedure, analogous experiments with human lung fragments were carried out. In three experiments, human lung fragments (three replicates of five fragments per condition) were cultured with or with- Table II is AACM production from control and dexamethasone-treated lung fragments after challenge with either buffer or an optimal concentration of anti-IgE. As has been demonstrated previously, the predominant metabolite from this tissue was the PGI2 metabolite, 6-keto-PGFIa (11). AntiIgE induced a significant increase in the production of all metabolites. Interestingly, based on the data in Tables I and II , and assuming a mast cell content of -2 X 10-6 per gram of tissue (7), the PGD2 and TxB2 Table II .°P < 0.05 formed after anti-IgE challenge of lung fragments can be accounted for by the expected production of these metabolites by the tissue mast cells. Treatment with dexamethasone led to a significant reduction in the spontaneous production of all AACM products displayed in Table II (spontaneous release after culture with dexamethasone ranged from 5 to 60% of non-drug-treated control; 23±4% of control for all metabolites combined, P < 0.05). When the spontaneous release was subtracted, and the net, or antiIgE-induced, AACM release was analyzed for each experiment, the results displayed in Fig. 1 were obtained. Synthesis of each metabolite by dexamethasone-treated tissue is shown expressed as a percent of non-drug-treated control. Dexamethasone treatment led to a 50% or greater reduction in the anti-IgE-induced formation of each AACM except PGD2 and TxB2. In two additional experiments (not shown), 108 M dexamethasone produced a half maximal ('-30%) inhibition of spontaneous and net (anti-IgE-induced) 6-keto-PGF10 synthesis. DISCUSSION Previous reports have described the production of PGD2 by partially purified human lung mast cells and the generation of leukotrienes by highly purified human lung mast cells (13, 14) . We report here that antiIgE stimulation of high purity human lung mast cells led to the generation of significant quantities of leukotrienes, PGD2, and TxA2 (detected as its stable metabolite, TxB2). The results with PGD2 confirm previous studies, which show it to be the major cyclooxygenase metabolite released by both rat and human mast cells (14) . In contrast to the rat mast cell (14) , the human mast cell releases TxA2 but not PGI2 following stimulation with anti-IgE. The release of the potent Dexamethasone and Mediator Release platelet-activating substance, TxA2, may be important in light of recent findings suggesting that platelet activation occurs during antigen-induced bronchospasm (16) . Lewis et al. (14) reported that human mast cell suspensions of 70% purity prepared by gradient centrifugation techniques do not produce TxB2 in response to anti-IgE stimulation. Although the reason for the difference between those and the present results is not clear, it is useful to note that mast cells purified by gradient centrifugation have a significantly reduced capacity to produce leukotrienes compared with those prepared by elutriation and affinity chromatography (13, 17) .
Incubation of purified human lung mast cells with 10-6 M dexamethasone did not inhibit the release of any of the mediators tested. This result contrasts with the findings in human basophils and murine mast cells where consistent inhibition is observed (3) (4) (5) (6) . The unresponsiveness to dexamethasone of purified human lung mast cells was not the result of exposure to the enzymatic digestion, elutriation, or affinity chromatographic procedures, since the response of mast cells in lung fragments, as assessed by histamine release, was also not affected by the steroid treatment. It is possible that exposure to elevated steroids before and during surgery lead to a reduction in mast cell activity and apparent insensitivity to steroids; this possibility has not been ruled out and is difficult to test. It is interesting to note that the net release of PGD2, and for the most part TxB2, from anti-IgE-challenged lung fragments was unaffected by dexamethasone; this finding is in keeping with the hypothesis that these metabolites are principally mast cell derived under these conditions. In further support of this hypothesis is the demonstration that purified lung mast cells can produce quantities of these metabolites sufficient to account for all that is derived from lung fragments.
Glucocorticoids inhibit phospholipase activity and the subsequent release of arachidonate in many different cell types (18, 19) . It is likely that this effect occurs via induction, by the steroids, of an inhibitor of phospholipase termed macrocortin or lipomodulin (20, 21) . In sensitized guinea pig lung, glucocorticoids inhibit activation of phospholipase and the release of arachidonate metabolites by a variety of stimuli including antigen and rabbit aorta-contracting substance-releasing factor (an antigen-induced factor that stimulates the release of endoperoxides and TxA2 in guinea pig lung) (22) . However, dexamethasone has no effect on the release of rabbit aorta-contracting substance-releasing factor, indicating that the drug is not abrogating the primary response to antigen (22, 23) .
Our results suggest that glucocorticoids do not inhibit mediator release from human lung parenchymal mast cells. Because neither PGD2, TxB2, nor leukotriene release from these cells was inhibited by dexamethasone, there is no indication that the steroid was inhibiting mast cell phospholipase. In human lung fragments however, there was a clear inhibitory effect of dexamethasone on the release of arachidonate metabolites that are apparently not mast cell derived: namely, 6-keto-PGFIa, PGE2, and PGF2a. In addition, the spontaneous release of all metabolites was inhibited by treatment with dexamethasone. It thus appears that while the mast cell phospholipase is not sensitive to steroids, the phospholipase(s) that provide arachidonate in the unchallenged tissue as well as that which is stimulated secondary to mast cell activation are steroid sensitive. Since spontaneous AACM production by purified mast cells was unaffected by dexamethasone, the steroid-sensitive phospholipase responsible for spontaneous AACM generation in lung fragments is probably not of mast cell origin. Now that a human prostaglandin releasing factor has been identified (24) , it will be of interest to determine whether in the human, as is the case in the guinea pig with rabbit aorta-contracting substance-releasing factor, the steroid effect is limited to the cells responsive to the factor rather than the cell that releases it (presumably the mast cell).
In light of the results of others showing that murine peritoneal mast cell histamine release is inhibited by 24-h incubation with steroids, it will be necessary to determine whether human mast cells derived from other tissue sources such as skin, gut, or peritoneum are also sensitive to steroids (4, 5) . Prednisolone has been reported to inhibit antigen-induced histamine release from human skin (25) ; since only brief incubations with high concentrations of drug (_10-4 M) were used, it is not clear that this was a specific glucocorticoid effect, however.
We note that certain chronic IgE-dependent immediate hypersensitivity reactions (e.g., allergic rhinitis, some forms of allergic asthma) are responsive to steroid therapy while many acute reactions (e.g., wheal and flare, skin test reactions, systemic anaphylaxis, and antigen-induced bronchospasm) are not (1, 2, 26 
